This study examines the problems of reduction of individual's efficiency in his/her respective working places because of road traffic noise pollution in Agartala due to rapidly growing vehicular traffic. This paper deals with monitoring and modeling of the disturbances caused due to vehicular road traffic interrupted by traffic flow conditions on personal work performance. Total of two hundred seventy individuals from different road side Government Offices, Private Organizations and Commercial Business Centres on both sides of busy roads of the city were interviewed for attitudinal responses. Traffic volume count and noise indices data were collected simultaneously at six selected sites of the city. A relationship was developed between different traffic noise parameters and its harmful impact on work competency of individuals using MATLAB. Regression equations developed to predict the percentage of high annoyance among the individuals are fit based on noise parameters and parameters related to traffic movements. In addition, statistical analysis was also carried out between measured and predictive values of the percentage of highly annoyed group of individuals. The present model will draw the attention of the State Government and will help the policy maker to take the necessary steps to reduce this problem.
Introduction
Noise pollution [1] is a significant environmental problem in rapidly developing built-up cities like Agartala. Traffic noise [2] is probably the most rigorous and pervasive type of noise pollution. Traffic noise has become a serious problem nowadays because of inadequate urban planning of the city in the past. Homes, schools, offices, hospitals, commercial business centers, and other community buildings were routinely built close to the main roads of the municipality without buffer zones or adequate sound proofing. The problem has been compounded by increases in traffic volumes (two wheelers, heavy motor vehicles, and other vehicles) far beyond the expectations of our early urban planners. This alarming increase in the volume of traffic is actually inversely related to the degradation of the environment [3] . Noise pollution is one of the major environmental pollutants that are encountered in daily life and has direct effects on human performance. Sound pressure is a basic measure of the vibrations of air that makes up sound, and because the range that the human listeners can detect is very wide, these levels are measured on the logarithmic scale with units of decibel (dB). Agartala, capital of Tripura, is a relatively medium-large urban city, situated in the North-Eastern region of India, is located at 23.50
• N and 91.5
• E. As per 2011 census, the population of Agartala city has exceeded 5,12,000 (Agartala Municipality Statistics, provided by the AMC (Agartala Municipal Council) at the Government of Tripura website.)
Objectives of the Study.
The objectives of the study were as the following. (ii) To study the temporal pattern of road traffic in the study area.
(iii) To study the existing status of noise levels in the study area by recording the noise intensity at various locations.
(iv) Identification and consideration of suitable mitigation and abatement measures.
For this, the study was conducted at three levels. The first level predicts the percentage of high annoyance (%HA) among the individuals in terms of various noise indices like day-night noise level (L dn ), traffic noise Index (TNI), equivalent noise level (L eq ), and maximum equivalent noise Level (L max ). The second level describes the percentage of high annoyance (%HA) in terms of average traffic volume, percent of two wheelers, percent of heavy vehicles, and mean traffic speed. The third level describes the percentage of high annoyance (%HA) based on Quis model. All of the three models mentioned above are regression models. In the statistical analysis part, the correlation coefficients between the observed values and the values obtained by three models are calculated separately. We also studied the goodness of fit between the observed and the estimated values obtained from the three models individually using paired t-test. The t-statistics are given by
where d and S denote, respectively, the mean and standard deviation of the differences
Under the null hypothesis that the means of the observed and the expected data are equal, the statistic follows t-distribution with (n − 1) degrees of freedom.
Review of the Literature
. Recent researches clearly demonstrate that road traffic noise has been the predominant source of annoyance; no other single noise has been of comparable importance. It is due to the large number of automotive vehicles in comparison with other machines. In India, few studies on a traffic noise level have been carried out in different cities like Calcutta, Delhi, Bombay, Visakhapatnam, Baroda, Anantpur, Asansol, and so forth [4] [5] [6] [7] [8] [9] . In international arena, recent works on the traffic noise assessment have been carried out in different cities like Alexandria, Tehran, and so forth [10, 11] .
Scope and Structure of the Study.
The study presents the problem of this noise pollution in terms of road traffic. The study starts with a background cover of noise pollution, its effect among the individuals, and the literature review with similar works around the world and also in India. The main portion of the work includes monitoring by field data collection method, prediction by modeling, and identification of the spread and distribution of the data. The present study was developed to collect environmental data in relation to road traffic noise by methods of monitoring and storing them for further retrieval, editing, and analysis and promoting their use for the best possible purpose.
Fuzzy Modeling
The concept of fuzzy modeling was originally proposed [12] and developed further by other researchers [13, 14] . The model proposed by [15] is based on the collections of IF-THEN rules with both fuzzy antecedent and consequent predicates. The advantage of this model is that the rule base is generally provided by an expert. Hence to a certain degree it is transparent to interpretation and analysis. The fuzzy system is an expert knowledge-based system that contains the fuzzy algorithm in a simple rule-based. As depicted in Figure 1 , a fuzzy system is composed of four parts: fuzzifier, knowledge base, inference engine, and defuzzifier. The fuzzifier converts real-valued inputs into fuzzy values. The knowledge base includes fuzzy rule base and database. Membership functions of the linguistic terms are contained in the database. The inference engine calculates fuzzy output from fuzzy inputs using fuzzy implication function, and finally the defuzzifier yields a real-value output from the inferred fuzzy output [16] . 
Survey Techniques

Methodology and Materials
The methodology used in the design of the present fuzzy expert system is explained by the following algorithm.
(i) The present fuzzy system has two input variables and one output variable as shown in Figure 2 ; only those inputs, which affect the output to a large extent, have been selected.
(ii) The input variables and output variable with their linguistic values and fuzzy intervals are shown in Table 1 .
(iii) By using MATLAB, a total of 15 relationships (IF-THEN rules) between input and output variables are formed. These rules are illustrated as the following.
(1) If (Noise level is Low) and (Noise duration is Short) then (Effects on Human work efficiency is Extremely Small).
(2) If (Noise level is Low) and (Noise duration is Medium) then (Effects on Human work efficiency is Very Small). (iv) Finally, through questionnaire the attitudinal response of individuals has been collected and shown in Figure 3 (pie chart).
Noise Level Standards. The Central Pollution Control
Board (CPCB) has notified ambient air-quality standards for noise (which has been included as an air pollutant under Section 20 of the amended Air Act of 1987) [18] . The permissible noise levels in commercial, residential, and silence zones during the day time are given in Table 2 . The silence zone is defined as an area up to 100 m around such premises as hospitals, educational institutes, and courts. The use of vehicle horns, loud speakers, and bursting of crackers is to be banned in such zones.
The identified location for the field studies and their location code are placed in Table 3 .
Various common noise percentile values L 10 , L 50 , L 90 , L eq , and L max were recorded (using Sound Level Meter, model SL-4001) for the estimation of L dn and TNI. The TNI is a method used for the estimating annoyance responses due to traffic noise and is computed using the following formula [19] :
where L 10 = level of sound exceeded for 10% of the total time of measurement and L 90 = level of sound exceeded for 90% of the total time of measurement. While the L dn is a 24-hour average noise level used to define the level of noise exposure on a community, it can be calculated by the following formula [20] :
L dn = 10 log 1 24 15 10 Ld/10 + 9 10 Ln + 10 10 ,
where L d = equivalent noise levels during day time and L n = equivalent noise levels during night time. Different traffic characteristics like traffic volume count including percentage of two wheelers, percentage of heavy motor vehicles, the percentage of other vehicles, and average traffic speed were also recorded. A comprehensive, yet briefstructured, questionnaire was made to find information about traffic noise traits and its effects on exposed individuals. For data collection a "Simple Random Sampling" technique was used on the local area population of the selected sites of the city. 45 individuals were selected at each site for Random Sampling Questionnaire and total 270 individuals (persons working at the business centers and offices of the identified sites) were interviewed at six selected locations. Traffic noise levels and traffic volume count were also recorded at identifying locations.
Results and Discussion
The study area is subjected to problems encountered due to pressure of rapidly increasing and unplanned traffic volume. The roads in the study area have been observed to be overflown with voluminous traffic throughout the day. The results of observation and field data are analyzed and discussed in this section. Through questionnaire, the attitudinal response of individuals has been collected and it is clear that they are facing some major problems like headache, effect on work efficiency, less concentration, fatigue, stress, and tiredness during the time period 8 AM-8 PM (Figure 3 , pie chart). Tables 8 and 9 , respectively. Use of horns and traffic congestion is the main cause of noise pollution in these areas. Table 10 shows that the percent of high annoyance among the targeted individuals due to road traffic were between 23.57 and 30.12; L dn value ranged between 72.52 and 75.98; L max (instantaneous sound level) was ranged between 76.80 and 97.68, whereas TNI was ranged between 91.75 and 95.88. High noise levels and annoyance values were due to overpopulated road ways with bad conditions, broken roads, minimal traffic management, and frequent misuse of horns at all the selected sites. Improper stoppage of public transportation facilities also increases the congestion level. Using different sets of independent variables, three predictive models were developed for the calculation of the percentage of high annoyance among the individuals' in their respective working place. In the first set of data, noiserelated factors like L dn , TNI, L eq , and L max were used as independent variables and a regression equation was given as follows: Table 11 : Calculation of percentage of high annoyance (using regression equation (4)).
Site
Percentage of high annoyance (using regression equation (4) And using the regression equation (4) and Table 10 , the percentage of high annoyance was calculated and shown in Table 11 . In the second case, average vehicles per hour (Q), percent of heavy vehicles (Q h ), percent of 2-wheeler (Q 2w ), and mean vehicular speed (Vs) were used as independent variables in regression analysis. The developed equation was given as follows: The percentage of high annoyance calculated by using (5) was shown in Table 12 .
Also the percentage of high annoyance was calculated by using Quis model [3] as given below:
where, L dn = day-night equivalent noise levels and is shown in Table 13 . Predicted values %HA were calculated using both regression models (i.e., (4) and (5)) and compared with observed values (collected from field survey). Further, observed values were also compared with the conventional Quis Model and the detailed results of statistical analysis for three models were shown in Table 14 .
By fuzzy expert system and with the help of Table 1 and MATLAB 7.8.0., Mesh diagram (Figure 4 ) has been drawn, which represents the relationship between input variables and output variable.
Discussion on Findings.
To evaluate the impact of road traffic noise on target individuals, the perception cum attitudinal study was conducted using a questionnaire method at six locations along with acoustic measurements. A total of 270 respondent's data was used for the analysis. Annoyance with the existing noise environment, as expressed by individuals at each site, was associated with the noise intensities in such a way that it was possible to predict the level of annoyance by taking into account the mean sound Table 13 : Calculation of percentage of high annoyance (using regression equation (6)).
Site
Percentage of high annoyance (using regression equation (6) levels. The relationships were evaluated using correlation regression modeling. The important findings of this exercise are given hereunder.
(i) The consultations with doctors and analysis of audiogram results indicate that the most prevalent problems among those tested include irritation, headache, tinnitus, and sleeplessness, which ultimately have effects on human work efficiency on his/her respective working places.
(ii) It has been observed that all the three models show moderate-to-high degree of correlation between the observed value and estimated value. The noise-based model yields the highest correlation (r 2 = 0.77); the vehicular-based model gives the correlation (r 2 = 0.66) and predicted with Quis model with input data from present study demonstrated moderate to low association, with modest predictability capacity. On the other hand the statistical t-test of goodness of fit reveals that the noise-based model fits the observed data with high probability while the other two models fail to fit the observed data at 5% level of significance. The summarized detail shows that all the models can predict the annoyance level within the acceptable limits in comparison to observed noise annoyance with a certain degree of error.
(iii) In the case of noise-based model, the r 2 value of 0.77 is acceptable. This model would predict the annoyance of community with better accuracy and is acceptable for this study area. This also provides evidence for the fact that annoyance among the individuals is more related to the noise levels, rather than traffic flow.
(iv) Fuzzy expert system (Table 1 ) and the correlation coefficient (r 2 = 0.77) of noise-based models indicate that in the present study the traffic noise highly affects human work efficiency in Government offices, private organization, and commercial business centers in Agartala city.
Moreover, few important findings are summarized below, based on the study of transportation characteristics in the study area.
(i) The vehicle composition in the study area is very heterogeneous with a significant load of heavy vehicles like trucks, trailers, and buses. They produce high noise pollution and also cause traffic jams in the intersections.
(ii) Traffic management is inadequate for smooth flow of vehicles in the study area. Many intersections have no signals and those present are in nonfunctional state. Thus, manual efforts by traffic police is the only source of movement control of the vehicles. This mostly gives rise to frequent congestions and high noise pollution.
(iii) All the selected six sensitive locations are not identified by "No-Horn" or "Silence Zone" signboards.
(iv) In the absence of flyovers, all the vehicles including the heavy ones have to pass through the narrow inner town roads. The plying of the heavy-diesel powered trucks and carrier vehicles causes severe degradation of the road's edges and pavements and generates the most noise. Figure 3 it is apparent that disturbances in individuals' work efficiency due to road traffic noise are a common response to almost all of them. Figure 4 shows that the road traffic noise plausibly affects human efficiency in his/her respective working places of the selected six locations at various degrees. Tables 4-9 also illustrate that the minimum, maximum, and the average traffic noise level at Office Lane, Mantri Bari Road, Ronaldsay Road, Akhaura Road, H.G.B. Road, and Central Road, respectively. Tables 10-13 describe expected results of 
Analysis of the Output. From
Conclusion
This research study is based on the expected relationship between traffic noise and its effect on human work efficiency in his/her respective working places. From the survey and findings it is evident that road traffic noise affects human work efficiency at Government Offices, Private Organizations, and Commercial Business Centers beside the busy main roads. Collected data were compared with the regression models developed by different sets of independent variables. The hypothesis was also tested using t-test in order to examine the goodness of fit between the observed annoyance level and its expected level for each of the three models separately. It can be concluded that the model based on noise indices gives a significantly acceptable high correlation coefficient values. The summarized detail shows that all the models can predict the annoyance level among the individuals' is within the acceptable limits in comparison to observed noise annoyance with a certain degree of error. The difference between the observed level of annoyance and its expected value obtained from noise-based level is not significant at 5% level. There are a number of such locations in the State Tripura facing the same problems. The present model will draw the attention of the State Government and will help the policy maker to take necessary steps to reduce this problem so that the respective works in Government Offices, Private Organizations, and Commercial Business Centers can run smoothly. The investigation technique along with the database and outputs will be helpful for the town administrator and planners for the effective traffic management and noise control in the area.
